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The title compound, C16H12CINO2, featuring a furan-2(5//)- 
one (y-butyrolactone) core, contains two molecules (A and B) 
in the asymmetric unit, with different dihedral angles between 
the central ring and the pendant phenyl and chlorobenzene 
rings [43.33 (8) and 20.16 (8)°, respectively, for A, and 
47.79 (8) and 13.87 (8)°, respectively, for B]. In the crystal, 
the A molecules are linked into [001] chains by single C— 
H- ■ O interactions. The B molecules also form [001] chains, 
but their relative orientations in the chains are quite different 
to those of the A molecules so that adjacent B molecules are 
linked by two C— H- ■ O hydrogen bonds. Finally, C— H- ■ O 
interactions and aromatic jt-jt stacking contacts [centroid- 
centroid separations = 3.754 (1) and 3.817 (1) A] link the 
chains into a two-dimensional array parallel to (010). 



Related literature 

For a related structure and background references, see: Xiao et 
al. (2011). 




b = 27.4374 (18) A 
c = 12.6242 (9) A 
P = 92.145 (1)° 
V = 2675.8 (3) A' 
Z = 8 

Data collection 

Bruker SMART APEX CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r„i„ = 0.919, r„„„ = 0.945 

Refinement 

R[F^ > 2a{F^)] = 0.048 

wR(F^) = 0.144 

S = 1.06 

6603 reflections 

370 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 
Cg2 is the centroid of the C1-C6 ring. 



Mo Ka radiation 
II = 0.29 mm"' 
T = 298 K 

0.30 X 0.20 X 0.20 mm 



32744 measured reflections 
6603 independent reflections 
5086 reflections with / > 2o-(/) 
Ri„, = 0.096 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„„,i = 0.36 e A"^ 

Apmin = -0.30 e A"' 



D-H- - A 


D-H 


H-A 


D---A 


D-H- - A 


C16-H16-01' 


0.93 


2.47 


3.305 (2) 


149 


C31-H31-04" 


0.93 


2.58 


3.422 (2) 


151 


C32-H32- ■ 03" 


0.93 


2.48 


3.305 (2) 


148 


C19-H19- ■ -CgT" 


0.93 


2.84 


3.553 (2) 


134 


Symmetry codes: (i) x, 




t, —V + 1, z - 


h ^; (iii) —.V, y + |, - 


-z + ^- 



Experimental 

Crystal data 

CicHijClNOj 
M, = 285.72 



Monoclinic, P2i/c 
a = 7.7305 (5) A 



Data collection: SMART (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 
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Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: HB6469). 
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4-(2-Chloroanilino)-3-phenylfuraii-2(5//)-one 

Z.-P. Xiao, Z.-J. Huang, X.-Y. Liu, K.-S. Xiang and S.-R. Yu 

Comment 

As part of our ongoing studies of compounds with a y-butyrolactone (furanone) core (Xiao et al, 2011), we now report the 
structure of the title compound, (I). 

The crystal structure of the title compound, 4-(2-chlorophenylamino)-3-phenylfuran-2(57/)-one, contains two crystallo- 
graphically independent molecules (Fig. 1) in an asymmetric unit with difference of bond length lower than 0.009 A. In 
molecule A (from CI to C16, 01, 02, Nl and Cll), the central furan-2(5//)-one ring make a dihedral angles of 43.33 (8) and 
20. 16 (8) ° with the benzene ring and the o-chloroaniline ring, repectively. While in the molecule B (from C17 to C32, 03, 
04, N2 and C12), they are 47.79 (8) and 13.87 (8) °, respectively. For the convenience of description, molecular structure 
was discussed based on A. Bond distance C7 — CIO (1.3490 (19) A) is indicative of a double bond, and the title compound 
was therefore identified as a furan-2(5//)-one. 

Interestingly, molecule A and molecule B show different interemolecular hydrogen bonding patterns. For molecule A, an 
infinite one-dimensional line is formed by C — H - O hydrogen bondings (Fig 2a). While molecules B are linked into a line 

by R^2{1) rings, which built fi-om C3 1— H3 1 ■■ 04 and C32— H32 ^ 03 hydrogen bonds centred at (0, 0, n) and (0, 0.0695, n) 
respectively, where n represents an integer (Fig. 2 b). Between the resulted lines, three kinds of intermolecular interactions 
were found and link molecules to further generate an infinite two-dimensional sheet. Of them, C — H^ ^jt occurs between 
C19 (in molecule B) and 3-benzene ring with "H ^ centroid" length of 2.840 A, while n-n contacts occur between furanone 
rings and aniline rings with "centroid ^ centroid" lengths of 3.754 (1) and 3.817 (1) A, respectively (Fig. 3a and Fig. 3 b). 

Experimental 

To a methanol solution (20 ml) of 2-methoxy-l-naphthaldehyde (0.1 mmol, 17.4 mg) and 4-methylbenzohydrazide (0.1 
mmol, 15.0 mg), a few drops of acetic acid were added. The mixture was refluxed for 1 h and then cooled to room temper- 
ature. The white crystalline solid was collected by filtration, washed with cold methanol and dried in air. Single crystals, 
suitable for X-ray diffraction, were obtained by slow evaporation of a methanol solution of the product in air. 

Refinement 

The NH H-atom was located in a difference Fourier map and was refined with a distance restraint, N — H = 0.90 (1) \%A. 
The C-bound H atoms were positioned geometrically and refined using a riding model: C — H = 0.93 and 0.96 \%A, for CH 
and CH3 H-atoms, respectively, with L'iso(H) = k x C/eq(C) where k = 1 .5 for CH3 H-atoms and k = 1 .2 for all other H-atoms. 
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Figures 



Fig. 1. Molecular structure of the title compound. Displacement ellipsoids are drawn at the 
30% probabihty level. 



Fig. 2. a. Molecules (A) form a one -dimensional line through intermolecular C — H - 0 hydro- 
gen bonds. For the sake of clarity, the H atoms have been omitted except that involving in hy- 
drogen bonds. 



Fig. 3. b. Molecules (B) form a one-dimensional line through intermolecular C — H - O hydro- 
gen bonds. For the sake of clarity, the H atoms have been omitted except that involving in hy- 
di'ogen bonds. 



Fig. 4. a. A two-dimensional sheet is formed by intermolecular C — H - ti interactions and n-n 
contacts. 



Fig. 5. b. A two-dimensional sheet is formed by intermolecular C — H - ti interactions and n-n 
contacts. 



4-(2-Chloroanilino)-3-phenylfuran-2(5H)-one 



Crystal data 

C16H12CINO2 
M. = 285.72 
Monoclinic, P2i/c 

Hall symbol: -P 2ybc 
a = 7.7305 (5) A 
6 = 27.4374(18) A 



^■(000)= 1184 

Dx= 1.418 Mgm"^ 

Mo Ka radiation, X = 0.71073 . 

6 = 2.6-27.8° 

|i = 0.29 mm"' 
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c= 12.6242 (9) A r=298K 

P = 92.145 (1)° Block, colorless 

V= 2675.8 (3) 0.30 x 0.20 x 0.20 mm 



Data collection 



Bruker SMART APEX CCD 
diifractometer 

Radiation source: fine-focus sealed tube 

graphite 

(p and (a scan 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r„u„ = 0.919, r„ax = 0.945 
32744 measured reflections 



6603 independent reflections 

5086 reflections with / > 2o(I) 
Rint = 0.096 

Omax ~ 28.3°, Omin — 2.2° 

/!= -10^10 

A: = -36^36 
/ = -16^16 



Refinement 
Refinement on 
Least-squares matrix: fiill 

RiF^ > 20(i^)] = 0.048 

wR{f-) = 0.\AA 

5'= 1.06 

6603 reflections 

370 parameters 

0 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difl^erence Fourier map 

Hydrogen site location: inferred fi"om neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[0^(Fo^) + (O.OSOP)^ + 0.1033P] 
where P=(fo^ + 2/'c^)/3 
(A/aW = 0.001 

Apmax = 0.36 e A~^ 
Apmin = -0.30eA"2 

Extinction correction: 5//£IJa 9 7 (Sheldrick, 2008), 

Fc*=kFc[l+0.001xFcV/sin(2e)]""'* 

Extinction coefficient: 0.0084 (10) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the fiill covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d's in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d's involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted /{-factor wR and goodness of flt S are based on , convention- 
al /{-factors R are based on F, with F set to zero for negative f". The threshold expression of > a(i^) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F^ are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 

X y z Uiso*/Ueq 
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Cl 


0.27814(18) 


0.35945 (5) 


0.29763 (10) 


0.0461 (3) 


C2 


0.3577 (2) 


0.34203 (6) 


0.20759 (12) 


0.0583 (4) 


H2 


0.3631 


0.3086 


0.1954 


0.070* 


C3 


0.4284 (2) 


0.37386 (8) 


0.13655 (13) 


0.0682 (5) 


H3 


0.4800 


0.3618 


0.0766 


0.082* 


C4 


0.4231 (2) 


0.42301 (7) 


0.15360(13) 


0.0684 (5) 


H4 


0.4722 


0.4442 


0.1058 


0.082* 


C5 


0.3450 (2) 


0.44111 (6) 


0.24147 (13) 


0.0609 (4) 


H5 


0.3413 


0.4746 


0.2529 


0.073* 


C6 


0.27233 (19) 


0.40972 (5) 


0.31272(11) 


0.0504 (3) 


H6 


0.2188 


0.4223 


0.3715 


0.060* 


C7 


0.20474 (18) 


0.32524 (5) 


0.37337 (11) 


0.0475 (3) 


C8 


0.1029 (2) 


0.28279 (5) 


0.34135 (13) 


0.0608 (4) 


C9 


0.1273 (2) 


0.28158(5) 


0.52194(13) 


0.0578 (4) 


H9A 


0.2096 


0.2607 


0.5599 


0.069* 


H9B 


0.0365 


0.2906 


0.5691 


0.069* 


CIO 


0.21487 (17) 


0.32582 (5) 


0.48027 (11) 


0.0454 (3) 


Cll 


0.28478 (17) 


0.37210 (5) 


0.64825 (10) 


0.0457 (3) 


C12 


0.33208 (18) 


0.41894(5) 


0.68118(11) 


0.0500 (3) 


C13 


0.3164 (2) 


0.43397 (7) 


0.78420 (13) 


0.0656 (4) 


H13 


0.3484 


0.4655 


0.8038 


0.079* 


C14 


0.2536 (2) 


0.40257 (8) 


0.85839 (13) 


0.0729 (5) 


H14 


0.2403 


0.4129 


0.9278 


0.088* 


C15 


0.2108 (2) 


0.35592 (7) 


0.82878 (13) 


0.0681 (5) 


H15 


0.1711 


0.3343 


0.8791 


0.082* 


C16 


0.2257 (2) 


0.34051 (6) 


0.72529 (12) 


0.0561 (4) 


H16 


0.1959 


0.3087 


0.7069 


0.067* 


C17 


0.22903 (18) 


0.63216 (5) 


0.06184 (11) 


0.0487 (3) 


C18 


0.1337(2) 


0.64534 (7) 


-0.02958 (12) 


0.0626 (4) 


H18 


0.1155 


0.6781 


-0.0452 


0.075* 


C19 


0.0664 (2) 


0.61005 (9) 


-0.09697 (13) 


0.0758 (6) 


H19 


0.0023 


0.6193 


-0.1575 


0.091* 


C20 


0.0925 (2) 


0.56142 (9) 


-0.07617(15) 


0.0782 (6) 


H20 


0.0468 


0.5379 


-0.1223 


0.094* 


C21 


0.1860 (2) 


0.54794 (7) 


0.01279 (15) 


0.0692 (5) 


H21 


0.2038 


0.5150 


0.0273 


0.083* 


C22 


0.2544 (2) 


0.58261 (5) 


0.08146(12) 


0.0554 (4) 


H22 


0.3183 


0.5728 


0.1416 


0.066* 


C23 


0.29904 (19) 


0.66934 (5) 


0.13540 (11) 


0.0490 (3) 


C24 


0.3918(2) 


0.71252(6) 


0.10214(13) 


0.0621 (4) 


C25 


0.3729 (2) 


0.71710(5) 


0.28216(12) 


0.0559 (4) 


H25A 


0.2888 


0.7379 


0.3150 


0.067* 


H25B 


0.4661 


0.7101 


0.3335 


0.067* 


C26 


0.29004(18) 


0.67104(5) 


0.24190(11) 


0.0458 (3) 


Cll 


0.21703 (17) 


0.62944 (5) 


0.41166(11) 


0.0451 (3) 


C28 


0.16217(18) 


0.58432 (5) 


0.44911 (12) 


0.0499 (3) 


C29 


0.1665 (2) 


0.57327 (6) 


0.55559 (14) 


0.0648 (4) 


H29 


0.1286 


0.5430 


0.5783 


0.078* 


C30 


0.2268 (2) 


0.60706 (7) 


0.62796 (13) 


0.0708 (5) 
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xljU 




0.5996 


0.6999 










U.z /y4 (^Zj 


0.65192(7) 


0.59359 


(13) 










0.6750 


0.6428 




u.u/ 






U.Z /44 (Z J 


0.66332 (6) 


0.48734 


/"1 0^ 
(VI) 








A lAOO 


0.6940 


0.4658 




U.Uoo 






U.4U /yj (^OJ 


0.460028(15) 0.58859 


(•*) 










0.540051 (15) 0.35831 


V*) 






IN i 


U.jUU/z /J 


0.35959 (5) 


0.54159 


(lU) 


A AC1 O /"5\ 






A 01 AQQ /I Q\ 


0.63755 (5) 


0.30234 


(10) 






01 


0.05550(19) 


0.26896 (4) 


0.25415 


(10) 


0.0813 (4) 




02 


0.05665 (17) 


0.25763 (4) 


0.42950 


(10) 


0.0711 (3) 




03 


0.4329 (2) 


0.72534 (4) 


0.01522 


(10) 


0.0833 (4) 




04 


0.43819 (18) 


0.73964 (4) 


0.18943 


(10) 


0.0716 (3) 




HI 


0.354 (2) 


0.3800 (6) 


0.5078 (13) 


0.054 (4)* 




H2A 


0.164(2) 


0.6156 (6) 


0.2687 (14) 


0.061 (5)* 




Atomic displacement parameters 


(A') 
















^33 




rrl3 

u 


rr23 

u 


CI 


0.0511 (7) 


0 0492 (1^ 


0.0377 (6) 


0.0074 (6) 


_A AAOI 


_A AAIT 


C2 


0.0671 (9) 


0 0633 


0.0442 (8) 


0.0156(7) 


A AAAO /"7\ 
U.UUUZ {/ ) 


A AAO/C 

— U.UUVo ( /J 


C3 


0.0691 (10) 


0 0927 n V\ 


0.0437 (8) 


0.0134(9) 


A A1 ^7 /7\ 


A AAAA t^Q\ 

\J.\j\JO\J {o) 


C4 


0.0713 (10) 


0 0840 n 31 


0.0506 (9) 


-0.0060 (9) 


A A1 AO /Q\ 

U.U1U<5 \p) 


A AATI /Q\ 


C5 


0.0717 (10) 


0 0574 (9^ 


0.0538 (8) 


-0.0063 (7) 


A AA17 i''7\ 

U.UU3 / { / ) 


A AAA 1 /'7\ 
U.UUUl ( / j 


C6 


0.0591 (8) 


0 0521 (^81 


0.0401 (7) 


0.0035 (6) 


A AA17 

U.UU3 / iP) 


A A A /1 1 

— U.UU43 (oj 


C7 


0.0551 (8) 


0 0409 (1^ 


0.0464 (7) 


0.0075 (5) 


A AAA1 ^/^\ 
U.UUUl (Oj 


A AAIO 

— u.uu-5y j 


C8 


0.0805 (11) 


0 0430 ^81 


0.0585 (9) 


0.0052 (7) 


_A AA'1/; /ON 

U.UUZO (o) 


_A AAQQ /T^ 


C9 


0.0736 (10) 


0.0434 (8) 


0.0565 (9) 


-0.0004 (7) 


A AA 1 A fn\ 

U.UU14 \ 1 ) 


U.UUZO (o ) 


CIO 


0.0498 (7) 


0 041 1 (1\ 


0.0455 (7) 


0.0071 (5) 


A AATO 

U.UUZo (0 ) 


A AA 1/1 

— U.UU14 p J 


Cll 


0.0437 (7) 


0 0534 ^81 


0.0399 (7) 


0.0039 (5) 


A A A AO {Z\ 

U.UUUo yp ) 


A AAAl 

—U.UUUl (OJ 


C12 


0.0482 (7) 


0 0535 f81 


0.0481 (7) 


0.0027 (6) 


_A AA 1 A 


_A AAO 1 //;"\ 

U.UU21 (^Oj 


C13 


0.0693 (10) 


0 0725 n 11 


0.0545 (9) 


0.0040 (8) 


A AA^7 

— U.UUj / {/ ) 


A A1 /^A /'0\ 

— U.UloU (5j 


C14 


0.0790(11) 


0 0965 n41 


0.0434 (8) 


0.0055 (10) 


A AA')') t^Q\ 
\J.\J\JZZ {Q) 


A A1 ') 1 /Q\ 

U.UIZI (Vj 


C15 


0.0726 (10) 


0 0881 CI 31 


0.0440 (8) 


0.0045 (9) 


0.0078 (7) 


A AAQQ /Q\ 

U.UUoo (^oj 


C16 


0.0619 (9) 


0 0595 C91 


0.0472 (8) 


0.0006 (7) 


0.0053 (6) 


A AAylA /n\ 

U.UU4U y/) 


C17 


0.0500 (7) 




0.0411 (7) 


0.0031 (6) 


0.0045 (6) 


A AA 1 Q //^\ 

U.UUlo {p) 


C18 


0.0627 (9) 


0.0801 (11) 


0.0451 (8) 


0.0156 (8) 


0.0036 (7) 


U.UU JO io) 


C19 


0.0630(10) 


0.1212(18) 


0.0428 (8) 


0.0052 (10) 


-0.0054 (7) 


_A AACA /I A"\ 

U.UUjO (,iuj 


C20 


0.0736 (11) 


0.1020 (16) 


0.0588 (10) 


-0.0176 (10) 0.0018 (9) 


A AT/I 1 /'I A\ 

— U.UZ41 (lUj 


C21 


0.0794(11) 


0.0623 (10) 


0.0662 (11) 


-0.0134 (8) 


0.0068 (9) 


A A1 1 A /^0\ 

— u.ui ly (oj 


C22 


0.0615(9) 


0.0550 (9) 


0.0493 (8) 


-0.0023 (7) 


-0.0016(7) 


A AAAl / ^\ 

— U.UUU3 (Dj 


C23 


0.0588 (8) 


0.0424 (7) 


0.0458 (7) 


0.0057 (6) 


0.0017 (6) 


u.uu4y (oj 


C24 


0.0901 (12) 


0.0408 (8) 


0.0559 (9) 


0.0046 (7) 


0.0109 (8) 


0.0076 (7) 


C25 


0.0767 (10) 


0.0398 (7) 


0.0513(8) 


-0.0004 (6) 


0.0055 (7) 


0.0003 (6) 


C26 


0.0509 (7) 


0.0409 (7) 


0.0454 (7) 


0.0032 (5) 


-0.0005 (6) 


0.0032 (5) 


C27 


0.0447 (7) 


0.0465 (7) 


0.0442 (7) 


0.0031 (5) 


0.0024 (5) 


0.0026 (5) 


C28 


0.0472 (7) 


0.0479 (8) 


0.0550 (8) 


0.0042 (6) 


0.0071 (6) 


0.0025 (6) 


C29 


0.0677 (10) 


0.0620(10) 


0.0655 (10) 


0.0057 (8) 


0.0139 (8) 


0.0197 (8) 
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A AAAA /"/^^ 

U.UUUU yp) 




A AO 1 /; /"5\ 


A ACCA 

v.vjjy) yj ) 


A AAQC 
U.UOo J (^J ) 




A AA^T /''J^ 


A AAAQ 1 /"I Q"\ 

U.UUUoi y^o) 






A A^ 1 T 

U.Uj 1 / (2J 


A AOA"! 


A A1 /"I OA 


A AA^O /">\ 

U.UU JO {Z ) 


A AA1 /iO /'in 

— U.UUjdo (ly 


Nl 


0.0619 (7) 


0.0526 (7) 


A Aim //IX 

0.0397 (6) 


A A 1 AA //IX 

—0.0100 (6) 


A AAO 1 /CX 

0.0081 (5) 


A AA 1 ^ / C\ 

—0.0016 (5) 


N2 


0.0683 (8) 


0.0554 (7) 


0.0419 (6) 


-0.0165 (6) 


-0.0028 (6) 


0.0001 (5) 


01 


0.1134(10) 


0.0628 (7) 


0.0665 (8) 


-0.0094 (7) 


-0.0115 (7) 


-0.0203 (6) 


02 


0.0986 (9) 


0.0456 (6) 


0.0688 (7) 


-0.0136(6) 


-0.0024 (7) 


-0.0031 (5) 


03 


0.1370(12) 


0.0537 (7) 


0.0611 (7) 


-0.0046 (7) 


0.0279 (8) 


0.0119(6) 


04 


0.1118(10) 


0.0415 (6) 


0.0624 (7) 


-0.0131 (6) 


0.0159 (7) 


0.0007 (5) 



Geometric parameters (A, °) 



CI — C6 


1.393 (2) 


C17 — C22 


1.395 (2) 


CI — C2 


1.3968 (19) 


C17— C23 


1.469 (2) 


CI — C7 


1.469 (2) 


C18 — C19 


1.378 (3) 


C2 — C3 


1 379 (3) 


C18 — H18 


0.9300 


C2 — H2 


0.9300 


C19 — C20 


1.373 (3) 


C3 — C4 


1.367 (3) 


C19 — H19 


0.9300 


C3 — H3 


0.9300 


C20 — C21 


1.364 (3) 


C4 — C5 


1.375 (2) 


C20 — H20 


0.9300 


C4 — H4 


0.9300 


C21 — C22 


1.379 (2) 


C5 — C6 


1.380(2) 


C21 — H21 


0.9300 


C5 — H5 


0.9300 


C22 — H22 


0.9300 


C6 — H6 


0.9300 


C23 — C26 


1.3497 (19) 


C7 — CIO 


1.3490 (19) 


C23 — C24 


1.455 (2) 


C7 — C8 


1.455 (2) 


C24 — 03 


1.2063 (19) 


C8— 01 


1.208 (2) 


C24— 04 


1.367 (2) 


C8— 02 


1.368 (2) 


C25— 04 


1.4323 (19) 


C9— 02 


1.4296(19) 


C25— C26 


1.4972(19) 


C9— CIO 


1.495 (2) 


C25— H25A 


0.9700 


C9— H9A 


0.9700 


C25— H25B 


0.9700 


C9— H9B 


0.9700 


C26— N2 


1.3547 (18) 


CIO— Nl 


1.3637 (18) 


C27— C32 


1.394 (2) 


Cll— C16 


1.393 (2) 


C27— C28 


1.3966(19) 


Cll— C12 


1.395 (2) 


C27— N2 


1.3969(18) 


Cll— Nl 


1.3995 (18) 


C28— C29 


1.377 (2) 


C12— C13 


1.374 (2) 


C28— C12 


1.7419(16) 


C12— CU 


1.7415 (15) 


C29— C30 


1.371 (3) 


C13— C14 


1.374 (3) 


C29— H29 


0.9300 


C13— H13 


0.9300 


C30— C31 


1.372 (3) 


C14— C15 


1.371 (3) 


C30— H30 


0.9300 


C14— H14 


0.9300 


C31— C32 


1.377 (2) 


C15— C16 


1.382 (2) 


C31— H31 


0.9300 


C15— H15 


0.9300 


C32— H32 


0.9300 


C16— H16 


0.9300 


Nl— HI 


0.824 (16) 


C17— C18 


1.393 (2) 


N2— H2A 


0.815 (17) 


C6— CI— C2 


117.86(14) 


C19— C18— H18 


119.8 
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Co — CI — C/ 


1 T 1 on { \ ^\ 
1/1. oy (12) 


Cz — C i — C / 


IzU.zD (IJJ 


r*^i /^o 

Ci — Cz — CI 


120.03 (lOJ 


i^l i^O XJO 

CJ — Cz — xlZ 


1 1 0 T 

iiy. / 


Tin 

CI — Cz — Hz 


1 1 n T 

1 ly. / 


C4 — CJ — Cz 


1TA CA 

IZU.DU (OJ 


(^"X XJl 

C4 — Ci — Mi 


1 1 Q T 

iiy. / 


f^r\ f^-y TJ.5 

Cz — Ci — Mi 


1 1 A T 

iiy. / 


r^"^ r^A r^z. 
Ci — C^l — Cj 


1 OA AA /I ii\ 

1/U.UU (loj 


/^T /^/l U/l 

Ci — C4 — M4 


1 TA A 


/^C XJ/1 

Cj — C4 — M4 


1 1A A 


/^C /^/i 

C4 — Cj — Co 


lzu.14 (loj 


r^A f^Z TUC 

C4 — Cj — Mj 


1 1 A A 


/"'/^ 

Co — Cj — Mj 


lino 

1 ly.y 


r^z c^f^ 

Cj — Co — CI 


lzU.o4 (14J 


r^c 

Cj — Co — Mo 


1 1 n /; 

1 ly.o 


i^i r^£i xj/c 
Ci — Co — Mo 


1 1 n £ 

uy.o 


ClU — C/ — Co 


1 AT 1/1/1 

lU/.i4 (lij 


CiU — C / — Ci 


1 00 n /"I '2^ 
Izy.j / (li) 


Co — C / — C 1 


1T1 in /ilA 

izj./y (13) 


/^o r\'> 
Ul — Co — Uz 


ITA TA /1^\ 

IzU.zU (0) 


rw r^o r^n 
Ul — Co — C/ 


1 A "I /I a\ 
liU.ij (1/) 


/^O /^T 

Uz — Co — C / 


1 An AC /I 

lUy.4D (13) 


Uz — CV — C 1 U 


1 A/1 /I 0 /I 0\ 

1U4.48 (Iz) 


rv^ f^Ci un A 
Uz — Cy — ^MVA 


1 1 A n 

1 lu.y 


ClU — Cy — MyA 


1 1 A 0 

1 lu.y 


r\'^ r^v\ lino 

Uz — cy — MyB 


1 1 A n 

1 lu.y 


c 1 u — cy — My B 


1 1 A n 

1 lu.y 


MyA — cy — Myji 


1 AO n 


r^n 1 A XT 1 
C/ — ClU — JN 1 


11c no /I '7\ 
IZD./O (13) 


c/ — ClU — cy 


1 An /II / 1 
luy.41 (Iz) 


JN 1 — c 1 u — cy 


11/1 /;n /iTA 
lz4.oy (IZ) 


Clo — Cll — Clz 


I 1 T A1 /I 

II /.Uz (13) 


Clo — Cll — ^JN 1 


1 O/I 01 /"I 

1Z4.Z1 (14) 


Clz — Cll — JN 1 


110 "7/; /iiA 
lie. /D (13) 


/"'ll /"'IT 

Cli — Clz — Cll 


111 01 /ic\ 
Izl.sl (0) 


Cli — Clz — Cll 


1 1 Q AA ^^ i'\ 
liy.UU (13 ) 


CI 1 — Clz — CM 


iin iT/ii\ 

iiy.i / (11) 


/^1T i^lT 

Clz — Cli — C14 


1 lA 10/1 n\ 
l/U.lS (1/) 


Clz — Cli — ^Mli 


linn 

uy.y 


C14 — Cli — ^Mli 


linn 

uy.y 


CI J — C14 — Cli 


Iin 1 T /"I 

uy.i / (lo) 


CI J — C14 — M14 


1 OA A 

lzU.4 


C13— C14— H14 


120.4 


C14— C15— C16 


121.04(17) 


C14— C15— H15 


119.5 


C16— C15— H15 


119.5 


C15— C16— Cll 


120.73 (16) 


C15— C16— H16 


119.6 



/^IT /^10 TUIO 

C 1 / — C 1 0 — M 1 0 


1 1 A 0 

1 ly.o 


Czu — c 1 y — c 1 0 


1 '1 1 AA / 1 

IZl.UU (loj 


/^1A /^1A XJ1A 

czu — ciy — Miy 


1 1 A C 

iiy.j 


/^10 /^1A XJ1 A 

Clo — ciy — Miy 


1 1 A C 

iiy.j 


Cz 1 — czu — c 1 y 


1 1 A in cs n\ 

uy.i 1 


r^Tl r^TA UTA 

Cz 1 — CzU — MzU 


1 TA T 

IZU.i 


/^1A /^1A XJ1A 

Ciy — CzU — MzU 


1 1A "5 

IZU.i 


/^OA 

CzU — Cz 1 — Czz 


1 OA iCyl /I 0\ 

1ZU.04 (loj 


CzU — Cz 1 — Mz 1 


1 1 A T 

1 ly. / 


CzZ — Cz 1 — Mz 1 


1 1 A T 

uy. / 


/^iT 

Czl — Czz — CI / 


1 1A 0 /I /I C\ 

lZU.o4 (IjJ 


/^Ol r~"T1 TUT! 

Czl — Czz -Mzz 


1 1 A 

uy.o 


CI / — Czz — Mzz 


1 1 A /C 

1 ly.D 


Czo — Czi — Cz4 


lU/.oo (li) 


/^o/i /^oi i^n 
Czo — Czi — C 1 / 


IZ0.4/ (lij 


Cz4 — Czi — CI / 


1 T3 QA l"\ 

lZi.o4 (li) 


c\i r^^y A r\A 
Ui — Cz4 — U4 


1 'lA TA / 1 «\ 

izu.zy (1 jj 


Ui — Cz4 — Czi 


liU.jZ (loj 


U4 — Cz4 — Cz i 


1 AA 1 c 
lUy.lj (lij 


U4 — Czj — Czo 


1U4.Z0 (IZJ 


U4 — Czj — ^MZjA 


1 1 A A 

1 lu.y 


i^o/; xjo< A 
Czo — Czj — Mz J A 


1 1 A 0 

iiu.y 


U4 — Czj — ^Mzjd 


1 1 A A 

iiu.y 


Czo — Czj — MZJrJ 


1 1 A A 

uu.y 


MZ J A — cz J — MZ jD 


1 AO A 

lUo.y 


Czi — Czo — JN z 


IZj.i / (lij 


/^Ti r^^£. r^TC 
Czi — Czo — Czj 


1 AA T7 / 1 OA 
lUy.Z / ( IZ) 


JNz — Czo — Czj 


izj.zy (li) 


f~^i'> r^'>n /^io 
Ciz — Cz / — Czo 


llo.oo (li) 


Ciz — Cz / — JNz 


1Z4.0/ (li) 


Czo — Cz / — JNz 


110 A Z /"IIA 

11o.4j (li) 


/^1A /^io f~^'^n 
Czy — Czo — Cz / 


1 T 1 A/I /I C\ 

izi.y4 (1 j) 


/^iA /^io /^n 
Czy — Czo — Clz 


110 AT /I 0\ 

iio.y/ (IZ) 


/^T7 /^OO /^lO 

Cz / — Czo — Clz 


1 1 A AiC /I 1 \ 

iiy.uo (11) 


/^lA /^lA /^TO 

CiU — Czy — Czo 


1 1 A HQ i"i C\ 

uy. /o (1 j) 


r^i(\ r^To tno 

CiU — Czy — Mzy 


1 TA 1 

IZU.I 


/^10 /^1A XJ1A 

CZ 0 — czy — Mzy 


1 1A 1 

IZU.I 


/^OA t^1(\ t^l'X 

czy — CiU — Ci 1 


1 1 A CiC /I 

uy.jo (lo) 


i^TA r^1(\ XJTA 

czy — CiU — MiU 


1 'lA '1 

IZU.Z 


Cil — CiU — MiU 


1 TA T 

IZU.Z 


r^i(\ r^i'X /^"ii 
CiU — Ci 1 — CiZ 


1 1A A/; /I '7\ 

izu.yo (1 /) 


CiU — Cil — Mi 1 


1 1 A C 

uy.j 


CiZ — Cil — Mi 1 


1 1 A C 

uy.j 


C3 1 — C3z — Cz7 


1 TA 0 /; /I c\ 

120.60 (15) 


C31— C32— H32 


119.6 


C27— C32— H32 


119.6 


CIO— Nl— Cll 


130.87 (13) 


CIO— Nl— HI 


114.2(12) 


Cll— Nl— HI 


113.3 (12) 
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Cll — C16— H16 


119.6 


C26— N2 — C27 


131.72 (13) 


C18 — C17 — Cll 


117.82 (14) 


C26 — ^N2 — HIA 


114.2 (13) 


C18 — C17 — C23 


120.94 (14) 


C27 — ^N2 — HIA 


113.2 (13) 


C22 — C17 — C23 


121.24 (13) 


C8 — 02 — C9 


109.19 (12) 


C19 — C18 — C17 


120.33 (17) 


C24 — 04 — C25 


109.52 (12) 


f^i^ /^i 


U.2 [I) 


Cz3 — CI / — CzZ — Czl 


1 nc\ A A { ^ A\ 
1 /y.UU (14) 


f^n 

C / — CI — Cz — 


~L /y.41 (14) 


Clo — CI / — Cz3 — CZO 


1 Ti 1 o ( ^ c\ 
13z.lo (lo) 


/"^"i 




Czz — C 1 / — Cz3 — Czo 


An "1 /o\ 

-47.3 (2) 


/^l /"'C 

C/ — C3 — C4 — C5 


A O 

— U.o (3) 


i^io r^'-yi /^"tA 
Clo — CI / — Cz3 — Cz4 


AH C\ /">\ 

—4 /.U (Z) 


/"''J /"'/I /"'c r^a 
CJ — C4 — Cj — Co 


A 1 /'I \ 

0.1 (3) 


Czz — C 1 / — Cz3 — Cz4 


133.4y (lo) 


r^c 

C4 — CD — Co — C 1 


0.7 (2) 


Czo — Cz3 — Cz4 — U3 


1 TO AO /I A\ 

1 /o.uo (ly) 


c^fi 

Cz — C i — CO — CD 




i^n i^oi i^o/i Ml 
C 1 / — CZ3 — CZ4 — U3 


-2.6 (3) 


r^n /"'I /"'/c 

C/ — CI — Co — C5 


1 TO IQ / 1 
1 /5. /o (13) 


r^'^c /^Ti r^'-^A c\A 
Czo — Cz 3 — Cz4 — (J4 


A O/i /I 0\ 

U.Zo (lo) 


CO — C 1 — C / — C 1 U 


— 4Z. / (zj 


C 1 / — CZ3 — CZ4 — U4 


1 TO CO / I 1\ 

1 /y.jy (13) 


Cz — C 1 — C / — C i U 


lio.yi (lo) 


i^O/l /^Ol /^OA MO 

Cz4 — Cz3 — Czo — JN z 


1 TQ Q/I /"I 

1 /o.y4 (14) 


/^/: /^i r^n r^o 
CO — C 1 — C / — Co 


13 /.zl (Ij ) 


r^n r^oi r^oA mo 
CI / — Cz3 — Czo — JNz 


-0.3 (2) 


/"'O /"'O 

Cz — CI — c / — cs 


— 43.Z (Z) 


r^'^/z /^oc 
Cz4 — Cz3 — C Z 0 — C Z J 


1 AT /I T\ 

i.y3 (1 /) 


C 1 1) — C / — Co — (J 1 


1 /o.ol (lo) 


f~^\n r^'>c /^tc 
CI / — Cz3 — Czo — CzD 


1 TT 1C ( ^ A\ 

—1 / /.3o (14) 


/^T r^o 
CI — C/ — Co — Ul 


-3.1 (3) 


U4 — CzD — Czo — Cz3 


— 3.3U (1 /) 


C 1 U — C / — Co — UZ 


-1.51 (17) 


U4— CZj — CZo — JNZ 


1 TA i^Q /■ 1 1\ 
1 /y.OO (13) 


/~^n r^Q 
C 1 — C / — Co — UZ 


1 /o.JO (13) 


/""T? /~">0 /^OA 

C3Z — Cz / — Czo — Czy 


A A /T\ 

-0.9 (2) 


Co — C / — C 1 U — iN 1 


1 /y.3o (13) 


JNz — Cz / — Czo — Czy 


1 TA AC ( ^ A\ 

1 /y.uj (14) 


C i — C / — C 1 U — JN 1 


-0.7 (2) 


/^"iO /^OT /^OO /^lO 

C3z — Cz / — Czo — Clz 


1 TO A'5 /I 1 \ 
— 1 /0.y3 (11) 


Co — c / — c 1 u — cy 


3. ZD (lo) 


ATI r^'^n /^oo /^n 
JNZ — Cz / — Czo — Clz 


1 AC /"I 0\ 

I.Ud (lo) 


c I — c / — c 1 u — cy 


—1 /o.oj (13) 


/""TT /"^OO /"^OA /^TA 

Cz / — Czo — Czy — C3U 


A T /OA 

-0.3 (2) 


uz — cy — C 1 U — C / 


—3. / / (lo) 


/^lo /^oo /^OA r*^'i(\ 
Clz — Cz 5 — Cz y — C3 U 


1 TT iCA /I 
1 / /.Oy (13) 


Uz — cy — CiU — JNl 


1 TA A/1 /I 

—1 /y.y4 (13) 


Czo — Czy — C3U — C3 1 


1 O 

1.2 (3) 


/"'l/C /"'ll /"'IT /^IT 

Clo — Cll — ClZ — CI 3 


— Z.U (Z) 


i^oA r^i(\ /^n 
Czy — C3U — C31 — C3Z 


A O {1\ 

— U.o (3) 


"\T1 /"'ll /"'lO /^ll 

IN 1 — Cll — ClZ — CI J 


1 /o.o3 (14) 


r^iA r^ii r^T? 
C3U — C3 1 — C3Z — CZ / 


A C (1\ 

-0.5 (3) 


Clo — Cll — ClZ — Cll 


1 TA T 1 /I A\ 
1 /y. /I (lU) 


/^oo /^OT /^"io /^"i 1 
Czo — Cz / — C3z — C3 1 


1 1 /o\ 

1.3 (2) 


Ml ^^^^ r^M 
JNl — Cll — Clz — Cll 


A -^A /I Q\ 

U.3U (lo) 


MO /^OT /^10 C^IA 

JNz — Cz / — C3z — C3 1 


1 /O.OJ (IjJ 


CI 1 — Clz — CI J — C14 


0.4 (2) 


r^n 1 A "\Ti 1 1 
C / — CIU — JN 1 — Cll 


1 /CA /CO / 1 C\ 

lou.oo (15) 


/"'1 1 /"'IT 

Cll — Clz — CI J — C14 


1 TO TA / 1 
1 /o. /U (13) 


cy — ciu — JN 1 — Cll 


— z3.0 (Z) 


Clz — CI J — C14 — CI J 


1.5 (3) 


1 iC 1 1 M 1 1 A 

Clo — Cll — JN 1 — CIU 


Z0.5 (z) 


/^ii /^i/; 
C 1 i — C 1 4 — C 1 J — C 1 0 


-1.7 (3) 


Clz — Cll — N 1 — CIU 


— 154.1 / (14) 


/^ic /^i/; 
C 1 4 — C 1 J — C 1 0 — C 1 1 


A A /I \ 

U.U (3) 


Cz3 — Czo — JNZ — Cz / 


1 /;/; "TA 1 c\ 
loo. /U (15) 


/^iT /^i/; 

Clz — Cll — Clo — CI J 


1 O 

1.8 (2) 


Czj — Czo — JNz — Cz / 


1 /; o /Q \ 
— 16.0 (3) 


JN 1 — Cll — CIO — CI J 


1 TO QQ /I C\ 

—1 /o.oo (1 j) 


C3Z — CZ / — JNz — Czo 


1 Q A 

lo.u yi) 


/^Tl /^IT /^10 /^1A 

czz — c 1 / — c 1 0 — c 1 y 


U.o (Z) 


/^TO /^T? "\TO /^O^C 

Czo — Cz / — JNZ — Czo 


1 /: 1 A/; / 1 c\ 
-lOl.yo (15) 


C23 — C17 — Clo — Ciy 


—1 /o.y 1 (14) 


/~\ 1 r^o /"'A 

0 1 — C8 — 02 — C9 


—1 /9.46 (16) 


C17— CIS— C19— C20 


-0.5 (3) 


C7— C8— 02— C9 


-0.95(18) 


C18— C19— C20— C21 


0.2 (3) 


CIO— C9— 02— C8 


2.77 (17) 


C19— C20— C21— C22 


-0.1 (3) 


03— C24— 04— C25 


179.48 (17) 


C20— C2 1 — C22— CI 7 


0.3 (3) 


C23— C24— 04— C25 


-2.43 (19) 


C18— C17— C22— C21 


-0.5 (2) 


C26— C25— 04— C24 


3.44(17) 



Hydrogen-bond geometry (A, °) 

Cg2 is the centroid of the C1-C6 ring. 
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D—a-A 


D—H 


H 


D-A 


D—H 


C16— H16-01' 


0.93 


2.47 


3.305 (2) 


149 


C31— H31-04" 


0.93 


2.58 


3.422 (2) 


151 


C32— H32 -03" 


0.93 


2.48 


3.305 (2) 


148 


C19— H19-Cg2'" 


0.93 


2.84 


3.553 (2) 


134 


Symmetry codes: (i) x, 


-y+l/2, z+1/2; (ii) x, -y+3/2, z+1/2; (iii) 


-X, y+3/2, -z+l/2. 
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